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Introduction
Complexes containing a Ir(C^N)2(A) where (A = bidentate ancillary ligand) have frequently been employed in OLEDs because of their phosphorescence, quantum yield, emission tunablitiy and short lifetimes (typically 1-20 µs). Due to the modular nature of the complexes, it is possible to tune the energy of the excited state and emission by substituting the ligands in addition to controlling solubility etc. [1] [2] [3] [4] [5] [6] [7] [8] These properties make them ideal for OLEDs but have also been used to sensitise the emission of another molecules. The most successful examples of this are the iridium-lanthanide complexes, in which the iridium complex is tethered to a lanthanide complex. By choosing ligands judiciously, it is possible to tune the T1 energy of the iridium complex in such that it is sufficiently above the lanthanide D0, allowing for a photo-induced energy transfer. [9] [10] [11] [12] [13] [14] [15] Such systems have been employed in bioimaging, in particular for in vivo 1 O2 sensing. 16, 17 Depending on the nature of the tether between the iridium complexes and other molecules, energy transfers can occur via two different mechanisms: i) Förster energy transfers, which are common in unconjugated tethers but decay exponentially with distance and rely on dipole-dipole coupling between transition dipole moments of the donor and acceptor; 18 and ii) Dexter energy transfers, which involve the electron exchange between donor and acceptor. tend to favour conjugated tethers, but which can occur over a 20 Å distance between the sensitizer and emitter. 19 The most common approach to joining iridium sensitizers to an emitter is to attach the tether to the ancillary ligand of the iridium complex. This approach is favoured because the conditions required to coordinate the primary ligands are often harsh and lead to ligand exchange, but in contrast, the ancillary ligand coordinating conditions are typically mild, demonstrated that it is possible to introduce an interligand energy transfer. 26, 27 Diimine ligands tend to have low-lying π * orbitals, which result in the iridium complexes' lowest unoccupied molecular orbitals (LUMOs) being strongly diimine in character. These have been tethered by a variety of groups including alkanes and napthylene to lanthanide complexes, to enhance their emission via either Förster or Dexter energy transfers. 9, 12, 28, 29 Pyridine-2-carboxylate (pic) has been used extensively as a blue-shifting ancillary ligand in the production of OLED materials, [30] [31] [32] but surprisingly further elaboration of this ligand has largely been unexplored. One of the few examples that have been explored was 5-ethynylpicolinate attached to polyoxometalates (POMs), which demonstrated their potential for charge separation. [33] [34] [35] All other examples of pic modification have involved the addition 4 of electron-donating groups which raise the energy of the pic orbitals, thereby reducing their involvement in the frontier orbitals of the complex and properties of the excited state. [36] [37] [38] In the current investigation, we sought to examine the effects of substituting varied alkynes at different positions ( Figure 1 ) around pic upon the photophysical properties of the complexes and establish which sites had the greatest effects in creating a pathway for the addition of other functional groups. 
Experimental Section
General details. NMR spectra were recorded in deuterated solvent solutions on a
Varian VNMRS-600 spectrometer and were referenced against solvent resonances ( 1 H, 13 C).
Electrospray mass spectra (ESMS) data were recorded on a TQD mass spectrometer (Waters Triisopropylsilyl acetylene coupling procedure. In a nitrogen-degassed atmosphere, Ir(ppy)2(pic-X-Br) (0.10 g, 0.14 mmol), CuI (0.003 g, 0.014 mmol), and [Pd(PPh3)2Cl2] (0.01 g, 0.014 mmol) were dissolved in anhydrous tetrahydrofuran (THF) (20 mL) before triethylamine (NEt3, 7 mL) was added. After three freeze-pump-thaw cycles, triisopropylsilyl acetylene (Tips-CCH, 0.1 mL, 0.446 mmol) was added, and the solution was heated overnight at 50C. The reaction mixture was evaporated to dryness, and the product was isolated and purified using column chromatography on silica gel, using a solvent gradient from DCM to acetone to afford an orange-red solid. were dissolved in anhydrous THF (30 mL). After three freeze-pump-thaw cycles, NEt3 (7 mL) was added, and the solution was heated to 50C for 12 hours. The reaction mixture was evaporated to dryness, and the product was isolated and purified using column chromatography on silica eluted by a gradient of DCM to acetone to afford an orange solid. 
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The same procedure as previously described for complexes 9 and 10 except 11 was used in place of Ir(ppy)2(pic-X-Br) to yield an orange solid. Yield: 131 mg (89 % Computational. Density functional theory (DFT) calculations were carried out using the Gaussian 09 package (Gaussian, Inc) 47 , all results were displayed using GaussView 48 and GaussSum 49 . All calculations used the B3LYP level set employing two different basis sets, SDD and 6-31G(d)/LANL2DZ, geometrically optimised in a DCM solvent field using the SCRF-PCM method. As a means of validating the computational models the structural accuracy were compared to with the experimental data by measuring the mean average deviation (MAD) values of the X-ray crystallography and vibrational data shown in Tables   S4.1 , finding SDD to be the best suited for these complexes.
RESULTS AND DISCUSSION
Synthesis. In our initial strategy to synthesise alkynyl-substituted picolinate Ir(ppy)2(pic)-based complexes, we attempted to prepare the picolinic acid derivatives prior to complexation and to prevent the sequestration of the catalyst by the respective picolinic acid these complexes were attempted with the corresponding ethyl-ester. However, it was found that under the Sonogashira conditions required for coupling (typically including heating to 60-80°C) the bromo substituted ethylpicolinate became unstable. Although 1 H NMR and mass-spectrometry indicated that the desired product was the major species, many additional species were formed that proved difficult to separate. To avoid this problem, the bromosubstituted picolinic acid (Hpic-Br) was coordinated to the Ir(ppy)2 or Ir(Phppy)2 first, to yield the respective bromo-substituted Ir(ppy)2(pic-Br) complexes 1, 2, 3, 4 and 12, and these reacted further with a range of reagents (see Scheme 1). It was necessary to perform the reaction of the Hpic-Br with the [Ir(ppy)2Cl]2 in an aprotic solvent (acetone) to prevent solvolysis of the bromide. The yields of complexes 1, 2 and 4 ranged from 80% to 87%, while the limited solubility of complexes 3 and 11 greatly reduced the yield to 53% and 49%
respectively, largely because the low solubility of the complex made purification difficult.
As a means of assessing the reactivity of the metallo-synthons, complexes 1, 2, 3, 4 and 11
were reacted under Sonogashira conditions (PdCl2(PPh3)2, CuI, Et3N, THF, 70°C) with either triisopropylsilyl acetylene (HC≡C-Tips) to give complexes 5, 6, 7, 8 and 12 respectively or with (4-ethynylphenyl)ethynyl)triispropylsilane (HC≡C-C6H4-C≡C-Tips) to give complexes 9, 10 and 13 respectively. The reaction between complex 2 and HC≡C-Tips to give complex 6 was fast, rapidly proceeding to completion in under six hours at only 50°C and gave a yield of 90%. The reaction with complex 1 (to give complex 5) required a higher temperature but still gave an 85% yield. When complex 3 (to give complex 7) was used, the yield dropped significantly to 51%, mainly owing to the insolubility of complex 3 even when heated.
Finally, the reaction of complex 4 with HC≡C-Tips (to form complex 8) gave a yield of only 35%, however, this reflects the difficulty in purifying the complex: unlike the other complexes, this compound could not be purified by chromatography because of its instability on silica, therefore it was necessary to purify the complex by fractional recrystallization. As expected the use of 2,4-diphenylpyridine in place of 2-phenylpyridine for complex 11 had no impact on the reactivity of the complex with HC≡C-Tips (to give complex 12), and had the advantage that the improved solubility allowed for a more efficient purification.
The positional difference in reactivity of the complexes became even more pronounced when HC≡C-C6H4-C≡C-Tips was reacted with complexes 2, 3 and 11 the alkyne substituted complexes 9 (87% yield), 10 (45% yield) and 13 (89% yield) were formed in a similar fashion to the -C≡C-Tips analogues. However, when complex 1 or 4 was used, no product Bian and Huang demonstrated that such coordination behaviour is possible where a pic substituted with an ortho phenol was able to coordinate a BF2 fragment and lanthanides(III)
ions. 11, 39, 40 In the shorter analogous complex 5 had the Tips group act to sterically hinder the alkyne effectively preventing efficient coordination to the Pd(II) ion.
This research demonstrates that for the bromopicolinates the 4-position of the pyridine is the most reactive, while complexes 3, 5 and 6 had lower reactivity. In these examples, complexes substituted at the 5-position complexes had lower solubility. In an attempt to further extend the length of the ethynyl-phenylene groups 1-(tert-butyl)-4-((4-ethynylphenyl)ethynyl), benzene was reacted with complex 2. However, the material formed proved to be insoluble in all available solvents, preventing purification and characterisation; therefore, we could only speculate that the desired product had been formed but the increased length had significantly reduced the complexes solubility. This would indicate that should the length of these 14 complexes be further extended, they would require additional solubilising groups, possibly on the 2-phenylpyridine ligands. Table 1 ). Reduction waves were not observed within the solvents electrochemical window.
The bromo-substituted complexes (1-4 and 11) displayed a small difference with respect to positional substitution, with the highest oxidation potential occurring for complex 4 (Eox = 0.56 V) while the lowest was complex 1(Eox = 0.51V), which could be attributed to the distortion about the metal centre induced by the steric hindrance of the bromine. Complex 3 also showed a higher oxidation potential, indicating that the substitution about the 5 position had a significant electron-withdrawing effect, more so than any other position. When substituted with 2,4-diphenylpyridine was used in place of 2-phenylpyridine, no effect was observed e.g. complex 2 Eox = 0.53 V while complex 11 Eox = 0.53 V. This is attributed to the localisation at the HOMO of the complex is dominated by the iridium and phenylate group of the ppy ligand and the iridium and as a result modifications made to the pyridine of the ppy ligand had a negligible effect on the oxidation potential of the complex. Substituting the bromo group of the pic with an alkyne (complexes 5-10 and 12-13) resulted in a small change in oxidation potentials for all of the complexes e.g. complex 2 Eox = 0.53V while complex 9 Eox = 0.51V. The lack of impact on the oxidation potentials is consistent with the computational models which show the pic is most significantly involved in the LUMO and as a result has a limited effect on the oxidation potentials of the molecules.
Photophysical properties
Each of the complexes displayed the characteristic absorption bands assigned as The radiative kr and non-radiative knr values in neat film were calculated according to the equations: kr = Φ/τ and knr = (1 -Φ)/τ, from the quantum yields Φ and the lifetime τ values.
Conclusion
Thirteen new bis(2-phenylpyridine)(picolinate)iridium(IV) complexes were synthesised by initially reacting the respective brominated picolinic acid with the corresponding bis(2-phenylpyridine)iridium to produce complexes 1-4. These complexes were reacted with the respective alkyne under Sonogashira conditions to yield the alkynesubstituted complexes. Based on the differences observed in the emission spectra of the complexes, the 4 and 5 positions had the greatest red-shifting effect and therefore have the strongest electronic coupling of all the positions.
ASSOCIATED CONTENT
Supporting Information.
Crystallographic data for compounds 2-6 and 8-11. NMR spectra, selected bond parameters and Cartesian coordinates for computational models are given in supporting information.
Notes
The authors declare no competing financial interest. 
TABLE OF CONTENTS SYNOPSIS
Using a simple and versatile route for modifying picolinate ligands coordinated to iridium the luminescent behaviour as well as the reactivity of these complexes was examined, showing a dependence on the substitution position about the picolinate ring.
TABLE OF CONTENTS/ABSTRACTS GRAPHIC
